In this study I examined how the paper wasp, Polistes fuscatus, defends a colony when faced with a vertebrate attack. I looked for a division of labour in defensive behaviour within a colony and examined whether this behaviour changes over the colony cycle. The colonies were presented with a model of an adult red-winged blackbird, Agelaius phoeniceus, and a speaker that vibrated the comb. There was a pronounced division of labour in the defence against vertebrate predators within a colony. The queen was consistently the most aggressive individual in the colony. The subordinate foundresses and workers both became more aggressive towards a vertebrate predator as they aged. Gynes and males did not participate in colony defence. The level of aggression in colony members of P. fuscatus appears to be related to the reproductive investment of the colony.
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Many eusocial species tend to have specialized castes of workers that defend the colony (Michener 1974) . Termites (Bartz 1979; Gerber et al. 1988) , social aphids (Aoki 1987; Stern & Foster 1996) , social thrips (Crespi 1992) and some ants (Hölldobler & Wilson 1990) produce soldiers that defend the colony from insect and vertebrate attacks. Some species of ants show a distinct polymorphism among workers with larger individuals specialized as guards (Hölldobler & Wilson 1990) . In naked mole-rat, Heterocephalus glaber, colonies the larger members of the colony tend to defend the colony (Lacey & Sherman 1991) . Apis melifera (Robinson & Page 1988) , Bombus bombus (Michener 1974) and some Vespids (Akre & Reed 1984) have guards that are more likely to attack intruders than are other members of the colony. In swarmfounding wasps such as Polybia occidentalis, older individuals tend to defend the colony more than the younger individuals (Jeanne et al. 1992) .
In the eusocial genus Polistes, however, there is no evidence for specialized castes of guards (West-Eberhard 1969), although there are certain cases where workers specialize when foraging (O'Donnell 1998). Workers of primitively eusocial insects are morphologically and reproductively similar to the queen and as a result, the workers of primitively eusocial colonies are not as restricted as those of highly eusocial colonies. The decision rule on whether or not to defend a colony might be different for an unspecialized worker of Polistes than for a specialized worker of a highly eusocial species.
Vertebrate predators can significantly affect the survivorship of Polistes colonies (Turillazzi 1984; Starr 1985) . Mammals such as foxes (Yamane & Kawamichi 1975) and rodents (Reed & Vinson 1979) have been observed attacking and eating Polistes colonies. Birds such as the redwinged blackbird, Agelaius phoeniceus, the Baltimore oriole, Icterus galbula, the scarlet tanager, Piranga olivacea, and the northern cardinal, Cardinalis cardinalis, are among the many birds that have been reported to attack Polistes colonies in North America (Gibo 1978; Turillazzi 1984) . A single attack from a vertebrate can completely destroy the nest and eliminate the reproductive investment of the individuals in the colony (Starr 1985) . Strassmann (1981) reported that birds cause a large proportion of P. exclamans colony failures by knocking down a nest and killing some wasps in the process. In temperate climates this could potentially eliminate any possibility of successfully reproducing for that year, and in the case of Polistes, the individual's life. Judd (1998) showed the composite behaviour of P. fuscatus colonies change over the colony cycle, with increasing aggression over time. This suggests the individuals might be changing their behaviour as well. I used a consistent and repeatable simulated vertebrate stimulus (Judd 1998) to look for a division of defensive labour in P. fuscatus within a specific time period as well as to 
